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SI{MM_Y

=ONMIN is a FOrtRAN ntoqcam, is. subl_tine _ot_, f_" tL_ _-

solution of linear or non-linear constr_inel ._pti,_izatio:_ ptob_-_rs.

The basic 3ptimization _lqoritha is th_ Het_od _f ___luiul_ •

Dire:tions. ,'Ee user must pcowi_e • main :_llin:! program 41j_ .a_

e%tern_l K_utin_ to evaluate the _bJectiwe a&i constraiLt _uu=ti_,s

and to provide gradieat information. If aralytic 4radi_uts _f the

objectiwe oc comstrai_t functions _r_ iJot _vail_blc, thi_

imfozmati_ is calculated by finite diff._r_r_ze. _hi1_ t2e _tu_L_,_

is inte_ primarily for effibieut solut to0 of z3hst c ai[t _I

prDblens, unconstrains_ fuscti3n mi|_imiaatio|, p_ulen:s r:_' also b_,

solved, and the conjugate direction method ._f Fletcher aLd _e_VaS

is used f_r this purpose. This manu_l liszLibcs th_ us_ _f =3N_I:,

and defines all necessar_ parameters. Sufficie_tt iafDrs_ti')_, i3

provided so that the pr3gram can be us_ without special kn_l_3g,*-

of optimization te:hni_es. 5_mple prsblea_ are ir.claleu t_ L_Ip

the _ser become familiar with CO.qMiS and t9 make the prng_a. _

operational.

[ J
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CO_;MIN - A FORTRAN P_3G[_Ar_ YJ[<

CONStRaINED F[JNCFION _INI_Ii%_I_)_:

t

SECTION 1

INTF3DUZTION

mat_,ematicll problems, it i_ necessary t. dotezmi:_e

maximum of a fun:tiom of sev-_ral vlria_l_, ii,altei

X. many

the aiqlaam oe

bF various linear aad nonliaear in._ualit) • =onstr_iftts. It i_

_eldob _ possible, im practical _ppli=_tisns, t9 s_Iv_ th__ _ pu_bl__a5

d&re:tly,.al_:] iterative mathods are use_ to obt_it_ t_ l_u_z_cai

_latiol. 81zhi_e-cal=.alltior, of t_i_ solution i_, o_ u_u[_e,

desirable and the CON_I_ program ha_ be_ l_elgpe:i to s'>ive _ #X_

varletl o_ such problems.

CO,BIN is a FORTRAN program, in suDro_ltin_ rosa, f_ th_

minimizatiorl of a multi-variaole fa:_ztior s_Djezt t) a _et Df

ineqJalit_ :onst taints. The qe:_eral mi_imiz_t ion pcobi_m is;

Find val,,es for the set of variables, X(1), t_

_iaim_ze ODJ

Subject to);

0 (J). I.E._ J=I,NC_I_

VLB(I) .LE.X (I}. LE. rUB(I} :=I,,OV i, _£Dr...; T. _.

where OBJ i; a general _unztion (ob Seztive f u_:ct lJ_,) )f t._

variables, X[I), re_erred to hereafter _s i_:-z_ion v_ri_l,_. ,_J



need not bf+ a simple Inalytic function, and may be _:y f_:_ct_:):

which can be numerically evaluate_.

G(J) is the value of the Jth inequ_]ity :ottstrlirlr, which i._

al_o a functic)t, of the X(1). I_:ON i_ t:_ _t_'_ Of :):l:_tL1i:*to,

G(J). _:ON may be zero. VLD(1) aI_ VJB(1) _t _ i(,w_.r _I_: _*UI:-_:

bournes c_spectively on variable X(1), and J[e L-:_f_LLea to _ +iJ '

constraints. NSIDE=O indicates that I,_ lowel or upper bou_i3 _i.:

pr_scribed. If NCON=O and NSIDF_=O, th__ obje_tlve funzti_[_ i_ _[l

to be unconstrained. NDV is the tot_l number of :Jozi_iDl,

variables, X(I).

Comstrai_t G|J)is defined as _ctive if CT.LE.G(J|.Lk._33 (:_|,

an_ vi_l_te._ i_ G(J}.3_.IBS{C_), where _on_trai_t thickness, -_T, _

a small specified negative numbgr. _he [:um_ric_: si_rif_cance _)_

CI nay be understood by refezi_q ts Fig. I, which shows a _iuQie

mathela_ically equal t_ zero alopg _ single lin_ in the _e_i;:,

space. However, on a _igital compatec, th_ e,act value of 3[_):3

can s_l_ol b.= obtained. Tharef_re, _ :onstr_it.t thizk_._s uf

2*ABS(CT) is :hosel_ to defise the r_gion over whica G(3) is _ssut_ui

to be zero for purposes of optimization. Because all _,(3) _'st be

megative, CT is taken as a negative naab_r for consistent) s_ that

a_y G(J) ,GT.:T is defined as _:tive (_r vi_l_t2]) if

G(J).ST.&BS|ZT). Whil_ it ea¥ _eem io_ical to choos( + a very s_ail

V_,lU_ (in ll:Jl_itt/c_e) f=r CT (say -I.0E-6), the nature 9t the

optimization algorithm use_ b) CONMIN is such that more i_uae[lu_i

stability can be achieved by taking :I=-O.1 or even -_.2. CT i_

use_ f_r n_merical stability o_Iy, _d when the oDt1_izati_i_ i&

complete, one or more constraints, _[J), will usu_lly i_o vec_ :,_.
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zero, as seen in the examples in SZCTIOt; VIII.

It is desirable that 3 {g) be n_cmaliz-_:i _o t!_t

-I.LE.G(J) .LE.1 J=I,NCO[_

In this way th9 constraint tLickness, CT, hd_ th_ • _i_: _.u;_c.r=.:tl

si._;nific_nc_ for _II G[J). it i_ Izot F_eZ_:._Sd_M ti_._t _i! _(,J) L,_

precisely in this fo£_, al.,_:l s,]c_ normalization _4y i,ot :_<.__o_i!_<_.

H3weve_, it is important that all _(J) _t 13_ut La _f tL_ _an •

order of magnitude. For exampl__, ;Jssume thlt 3o_ :,. G (J)

=_({s,)_2-X{2|. If X(1} and Y(2) _re _xp.=.zt_ to ___ of ur:le[ 163

for the. partizul_r prsbl_m u_._ consideration., 3{J) n,al b_ ucuiel

by di_idi_q by 1C,_00 t_ pr_vid_ a walue for G(J) of uraer on_= .

The basic analytic tgzhniq_e _sed by COtI_It: i5 to _i_.i_ize .9BJ

_ntil one or more constraints, 3|_|, becom_ actiwe. Ihe

minimization process the. =ontinues by followin_ t%e zonstL_int

boua_aries in a direction such that the valu_ o£ oBJ :_ntin_s t_

decrease. _h_n a point is reached s_ch that no further: decrease: i.

OBJ can be obtained, the process is t_r_,inat_:d. _',h_: value. _t tL.:

constraiat thickness p_rameter, CT, an3 th3 ng_naliz_tion Jf the

constraints, ,_(J) , have consider_ole _ffezt _n ti_ u,_21 icill

stability a_ rate of zonverqence of t.h_ opti_;izatiJn p_ozc._.

_n ex_mpie of a constrait, ed aonli_ear prol, le_ is t_,e

minimization of the four variabl_ _os_-Suzukl function, (r_£. I) ;

_I_I_IZE OBJ = X(I)*.2- 5"X[I} + X[2;_.2 - 5. X{2} •

2_X(3)_'2- 21_X[3) • Y(_)'*2 • 7"Z(¢) + 52

S_b Ject to;

G(I) = X(1)""2 + X(li • X(2|''2 - X(2) •

X{3)_-2 • X{3) • X(_l''2 - X[4) - 8 .LL. C
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G(2) = X(I)*,2 - X(1) + 2'X(21"'2 ÷X(3|'_i: *

2"X(_)'-2- X(_) - IC, .L_. _

G(3) = 2"X(I)*'2 + 2_X(I) + X(2)''2 - X(3) ÷

X(3)'-2 - Z(_) - 5 .L_.

This pr_ble_ ha3 four deci_io:, v_ci _LI_'n dLd tl,L e_

constraints, (_';DV=a, NCON=3). _o lower or upper b<_u_._iu VLS(1) OL

VIJB(I) are prescribe_ s_ cont[ol par_met_.r _SiDE i5 ._p-_cifi_i a_

NSTDE=O to indicate this. it _s nec3ss_L'y to provi:_ _ _et 9i

iLitial values for X{I), and from thi_ the constrai_,_/ 3pti:,u:ll i:_

obtained by CONMZN and its assouiated routix.es, rhi._ probitil wzli

be solvel usin_ CONMIN i_ SECTION VllX.

The minisization alqorithm is based on Zoute_.4i3k's metho,_ oz

feasible direutions (ref° 2}° The _lqorithm has b__. m_ifi_d t_

impr3ve efficiency and numerical stability _n:t to solv_

optimization problems in which one o= more zonstn_ints, g(O), ale

initially violated (ref. "4). While the p=ogra_,_ i_ inte_.u e:_

primarily for the efficicn_ sgl_tion of coz_st_iL_d [_ct_o,_,

unconstrained functions may also be minimized (NC3N=3, =n/

NSI[)E=O), and the conjsqate direction metho_ of Fletz_ _u :,_v_:_

(ref. _) is use_ for this purpose. If a f,,hCti:):; i_ tO _

maximized, this may be achieve_ by mi_imizin_ the n_tiv_ _£ t_,e

function.

For co[_strained minimization probloms, the initial d_sijn _.e_

not be feasible (one or more S (J] may b_ qr_ter th_n A_S(C'£ll , _

a feasible solution (:if one exists) is obtained with _ nil, i_al

increase in the value of the objective function.

The user must supply a mai_: proqram t_ call _ubr<)uti,,e "O._.I._Ih

alonq with an extersal sub_ o_ti_e to evaluate t_,c obje%tiv _,

• ;C!:.

L_L.

L_. ._

: ; r

"_
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function, z_nstraint functions _ud th_ _nalytiz gr_ai:_t _r t:I_,.

oljeztive Ix.d currently i:tive _r violated coL:;traint _,n_ -t_ ,, _

At any qiv-_n tile iL the minin, iz;atiax_ proce_, gua<ii,_nt 61.to[_atiol,

is reqllired only for constraints which at[, _ctive a_ viai_te;l

(G{O).GE. CT). Gradients a_e calcul_tel I:y finite 4if_ereaze if

this information is not liraztl¥ obt_in_I)le, i_i_ a 'iu[_l:)utine i:;

included with ZON_IN tar this purpose.

The basic program _rganization is described here, _ni

sufficient iufor_ation is provide:l so that ti_e program aay u:+ usu:i

withaut special knowl__ge of optimization teci.aiiuus, the vlri_L,_

control parameters are aescribed and th_ ra_ire_ _isansiox_s _f all

arrays are qiweL so that the user car. limit storale re luirem-_ata tJ

that ne:assar¥ to solve his particular problema. Sa:nplu p_oble,,s

are i_cl_ded to aid the _s._r in making the p_ograa oper_tion_l a/,.:i

to gala familiarity with its use.

& summary of all parameters usel by CONMIN _i,_ its ass_zi_tas

routiaes is give. in APDEND!X _ far zonvaniant L eferenze.

APPENDIX _ coI_tai._ a brief disc£iption of tile uubroutiles

associated with CONMIN.



SECTION IX

MgKINS CU_IMINOPErATIOnAL

CONMINutilizes iter_tive techhi:|ues to nu_lecLc_lli_ obtti: t_.e

minimum of a general function, subjt_ct to a _re_criLc_ _:t :_

linear and/or note-linear :onstrai_,ts. Uec_use Jf the i_atl_c of

these techniques, the efficiency of t___ optLmiz_tio_ prDc_,_3 (t_:

number of times the function_ must O_ ev_lu_tel) c_r_ D[t__n be

improve_ by the proper choice of colt rol param_te_ to _tal

effectively with a give. problem. For thi; reason, £t ls

particularl) desirable that the n.=w user _olve several simple t_3

to fiwe variable problems, experimenting with _ifferent conic31

parameters. The foll_ving st_ps are sugqeste_ to help t|e user

make c_I_ operational and to qain the familiarity necessac/ _o_

its efficient application £o a particular problem.

I. Obtain the deck, including example problems.

2. Rea_ SECTIDN VIII (EXAMPLES| of this mal_al.

3. Solve the example prGblams _ sir. _ CDhaIN, aLd VeLify tl_;

results b_ comparison with the output iiste_! ir T.hzs ,a;,_il.

Note that the precise n_serical valu_.s say differ sliqhtlv or

differeat computers.

_. _ea_ this entire manual carefully.

5o Devise several two to five variable unco,,strai_,_d ar;s

co_strained minimization problems and solve them tl.'_lIlq Z3N._.It_.

If the precise optimum can be determine/ a_,alyticdli), s3mpare

this with the optimums obtained usinq ;ON,IN.

6. Rxperiment b_ startia_ from sever_l different initial po_,t_

{diffezent initial X v_ctor_). Thi:i i_ good practice 11. all

optimization problem_, since it improves the cnance_ that tie



absolute a,inimum is obtained |instead of a r3i_itiv_ _ir_Luu:,i).

7. Experiment with vari,oJs anllytic gradient optiori_ u_ ;9_v_L.i

the sane problems with and without calculdt i:.4 pr_ =_:;=_

analytic qradients (see exa_,ples I and 2 of qt_u_i9_. VI_.ll.

8. Experime_,t wi:h various corlverqenc_ criteria, [_L_7_,, 5_b:'i_

and ITRM.

9. Experiment witL various co_straint thick,,ass para_ete_s_ £_,

CTMIN, CTL an_ CrL_IN to understand the effect of these

parameters on constrained minimization problems.

I0. Experiment with various v_lues _f th_ push-off f_ut_, _IIL_A,

on several constrained minimization probi_-m_. Sm_ll values _t

TBETa may be used if constraints, (; {J) , are n_ariy ii[_e_

f_nc_ions of the aezision variables, X(I|, and idrge_ v;,lue_

should be used if onP or more S (J) are highly nol_-li_,ea£.

I_. Experiment with scaling options b'{ usin_ no scali,q, aut_ati=

scaling, or user provided scalin_ options.

12. Experiment with v_riou_ :onjdgate di_t.ct icl. r_staEt

pnraleters, ICND_B, using examples _f ul.zoLstcal_,_a

minimization. Note that if ICNDIR-I, th_ steeliest ___sz_:_t

method will be _sed throughout the optimization proc_._._.

13. Re-read this entire manual.

The default options on the various :ontr31 param-_tet's have

been chosen as reasonable values for most opti_,iz_tio_, p_,bl_s.

The steps listed above _re i_ton_e'l to prsvide the, us_ with ti.e

experience necessary to chanqe these parameters as cequired t_

efficiently solve new optimizatiou problems of s_:ci_l ihtt, re_t.



The overall

Fig. 2. The variables are initi_iiz_'/ in tn__ mTii_

vector X is iteratively changed ih subroutine

associated roLlti_es, a:_d ext ecI%_l [ostlne 3U1{I

required function values and gradient iIlformati}n.

Subroutine CON_fN is

statement;

CALL CONMIN{SUBI,OBJ)

SECTION IIi

PP,gGP A M 3_3ANIZ_III ()N

program organization is _;how:_ :_ch_'_]ticilly _:,

called by the main progLaa !,y tn_ _ii

where SUB1 is the _ame of the user supplied external subruutine an_,

OBJ is the optimum value of the objective fu,ction u|,on retu[_ f[3_

CONSIB. Th_ variables, X|I), co_tai_e_ in v-_ctor X an_ zun_traint _

walu_s, G|J), =on%aWned in vector G will correspon6 to this opti_ou:_

upon ret_r[_. If a4_iti)nal information calc_!ate'_ i[ oxte[::_l

routine $UBI is required, the routin_, shoulS be called agaa;, a;uL

return from C_NSIN to insure that this information COL'_e_.ur_<i_ l_

the fir.al val_es of X(I|.

Subroutine SUB 1 is called by CONMIN and its i'c.soci_tcl

routines by the call statement;

CALL SUBI (INFO,OBJ)

where ][_FD is a control parameter defininq which illformatJ_n .ust

be $_pplie_, _nd OBJ is th_ value of th_ objective lul_$tion to bc

calculated correspondinq to t_e current deci_io,, variauie:_

contained i_ l. IBFO _ill have a value or from o:.o. to roar to

identify what i,foreation must be supplied by S[l_1.

IMFO= I Calcalate ohjectiv,, function v_ lue, ,_;_J, f_r cu_L (';_t

variables X.

i

!
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TNFO=2

1"4=0= ]

Calculate obiectiv_ function

values, G(J), I=I,NCON for c_irrent variables, X.

Celcula%_

correspond in

function and

value, O_J, _nd constraint

analytic qradient of objectivo function

to c,]rrent variables, 4. The objective

constraint values alrea:_y correspon_ to the

curr_nt v_].j_s of X _nd need not be rec_iiculated. However,

other infomat[on obtained in SUBI when calctllatinq o9,1 and

G(J) may not correspoad to _ and must be calculated again

here if it i_ used in ,_radient computations. If finite

difference control nara_eter, MFDG, is set to NFPG=I in the

main program this val,_e of INFO will never be considered.

r_FO--_ For c.lrrent variables, X, _etermine which constraints are

active and which _re violated (_(J) .GE.CT) and how many

such cons%r_in%:_ there are (N_C = Mumb_r of active and

violated constraints]. Calculate th_ analytic qradients of

t_e objective function and all active or violated

constraints. Val,les o_ the objective fnnction, OBJ, and

constraints, G (J), already correspond to the current

variables, X, and need ,or be recalcqlate|. As in the case

of INFO= ], all other information used in gradient

,%

computatzons must be calculated for the c_rrent variables,

X. If finite cliff-re,ice control parameter NFDG, defined in

the main program, is not zero, this valne of INFO will

never be coflsidered.

Note that INFO=] and 7NFO=# are considered only if gradient

informatiofl is calculate_ irt the user supplied s_broutine, S_1_1.

With the exception of the external subroutine na_e, SIJBI, the

)bjective function valup, ogJ, and the control parameter, l:_FO, all



_aqe II

inf_r_ation ,ISed in _he opti_ication Droces- _,

m_ans of _h_* following lab,,led comme.-, blocKs.

is % ransf_rred by

will aow

thro,,gh

if

CO_ON/C_'m N I/I P.ql NT, ND V, IT_ _X ,NCON, N SIDE, ICI_DIR, NSC_ L,'4 FDG,

1 FDCU, FDCH _, CT,CT_I N,CTL,C'?L."TN,T HET A, "}II, NAC, N _Z_X 1 , DELFUN ,

2 U_ BFU_:, LI NOq,] ,I"_._, [T E_,'IC_L (a)

CO_ON/CN_N2/_ (WI) ,D_(NI),G (N2) ,ISC(N_) ,[C (N_) ,._(N_,N3)

CO_MON/CNMN_/VLS(XI) ,V!JB(MI) ,SCAL(N5)

The param,*.__ers an,| arrays use:l in the minimization process

be defined, followed by the required array di_ensioas, _i

._. _f a default _lu@ is listed, this val,le will be used

a zero waltIe is transferred from the main program.
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IPRINT

MDV

ITMiX

ICO_

gSIDE

O;

1;

2; 1st

parameters°

iteration.

SEC?ION IV

PAP, A_'ETERS DEFINED IN A_IN i_O[;_A_

Print Control. All printing is do_.t: on fil_" _<uake[ 9.

Print :.otking.

Print iltitial and final function information.

d_bug level. Print all of abgve Diu_ =9_t[ul

Prir_t function value _n] X-vector at _;_ca

3; 2nd. debug levul. Print all of above plus all cor, str_lnt

values, ,umbers of active or violated coLstrai|,t_, direction

vectors, move parameters and miscellaneous inform_tio,. Th_

constraint parameter, 5ERA, printed un_r this _pti_

approaches zero as the optimum objective is _chiev_._.

_; Complete debug. Print

objective function, Ictive or

and miscellaneous information.

all of abov_ plus gEadient_ of

vislat ed c grist tai_t fun:%io:;_;

Number of decision variables, X(I), u3ntained i_a vector X.

Default value = 10. Maximum number of iter_tions i _ in.,

minimization process. If NFDG_E_.9 each iteration requLreJ

one set of gradient computatigns {INTO = 3 or _! and

approximately thr_e f_nction evaluatio_.s (iNFO = I or 2). [f

_FDG.GT.O each iteration _eq|ires _ppronim_t_l} l_D'_÷3 _._cti_s

evaluations (INF3 = 1 or 2).

Nulb_r of constraint functions, G(J).

Side constraint parameter. NSi[:E=_

variables X(I} do not have lower t,_ upper 1,ou;_d:_.

,_igLifie_ tn_t thi'

NSiDZ.;I.3



signifies that all variables X(l] have: lower _n_ uDpe_ bo_[,_

defined by VLD(I) and rUB (1) respectively. If ,_z,e uL _9_

variabiP_ are Lot Uounc|ed while othe[s _,[u, th_ values of t_,._

lower _nd upper bound_ o_ the unb<_uPded variableG ii_u&t be_

take, as very large negative a_d positive+ values [_pectiv_,i/

[ie. VLB{I)=°I.0Z)!C, rUB{I) =I.CE)IQ) .

[CNDIR Default value = -NDV+ I. tonjullt_ • _irectio_, Le:_t_:t

parameter, if the: function is c_rr_,tly unconstrair_i, (all

G[J) .iT. :T st" NCON=NSi DE=O) , Fletcher-2 e_ve_ co,,juqatu

direction _,ethod will be restarted with a steepest desz','Lt

direction every IC_DT_ iterations. If ICEdDIR=I only steepest

descent will be used.

_SC&L Scaling cox, trol plrameter. The _azision g_ri_bl_s will b_

scaled linearly.

NSCAL. LT._; Scale variables X(1) by dividing uy SEAL(1) ,

_here vector SC_L is _efined by th_ user.

_$CAL.EQ.C; Do not scale the vari:]_le:_.

NSCAL. GT. 0 ; Seal- _ the variables evPry N_CAL _terJt i_r_s.

Uaria_les are normalized so that scales X(1)=X[_)/Ab3{((i)).

_hen usi_ this optign, it is desiraule that ,_SCAL=!CLDI}k _L

ICNDIR is input as nonzero, and NSCAL=L<D_+] in ICNDI5 ks input

as zeEo,

_FDG _radient calculation control parameter.

_FDG=O;

routine SUB1.

analytically,

discretion.

_FDG=I;

All gradiest

This

or by

i_formatior, is provided by exte_x;al

information m_,¥ ue caiculate_

finite _iff_rence, at the US__L's

All gradie_.t il_fora_tion will be c_ic_iat_l hl f_nit_,
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FDC_

difference in CONNIN.

and G(J), J=I,NCON.

NFDG=2; Gra_li_nt

external routine

FDCBn Default value

CT

of

SUB I,

SU_I prgvides or.lv function vaiue_, D:_J

objective funztiun i_; D_OVi3_3 :_t

_n_ Wr_|i_nt_ 9f _:tiv_ and vl_i_t.o_

constraints are calculated by finite differe_ce _, C3;_:,l:,.

This optio|_ is desirable if t_e grld:Le_t of the objuctivt,

function is easily obtained in closed foi-_, but :][adiu:_ts of

constraint fullctions, G(J), are unobtairl_ulu. Tiis opti_r: _ay

improve e_fici_ncy if several v_riabl_s ar_ !zmitel b7 I_L

or upper bounds.

Default value = 0.01. Sot used in NFDC;=5. _elativ_ =hlx,_e

ia decision variable X (I) i. calculating finite difference:

gradients. For ezanple, FDCff=3.01 corrosponis t_ d fi_it_

difference step of one _erzent of the v:_lue of t_.e deui_i_,_

variable.

= 0.CI. Not used if NF_)G = O. :.inl_u

absolute step in finite difference g_adient calcul:_t ions.

FDCI|F, a_plies to the unsealed variable values.

Default value = -0. I. Not used if NgON=I_31DE=_.

Constraint thickness parameter. If Ci. LE.G (J) .LE. AB3 (_r) ,

G(J) is _efined as active. If G(J).GT. ABS(C:), G(J) is said

to be violated. If G(J).LT.CT, G(J) is Lot active. "T 15

_eq_eatia lly reduced An magnitude, durin _ t|.e optimization

process. If ABS(CT) is very small, une or _or_ cu_s_ra_ut_

may be a=tive on one iteration a_ inactive on the next, _L:Iy

tO be_oa_ active again on a subsequent iteration. This is

often zef_rred to as 'zigzagging' between constr_i_,tu. _ w_d_

initial value of the constraint thickness _s d-s_r.lble re:
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highly nonlinear problems so that uhul_ _ zoastr_int uec0_:_

active it ter;ds to r.=maiL active, thu_ reaucir:} ta_: _iq/j,_ai:. 4

problem. The d_fault valu_ i_ usaally adequate.

CTRIN Default v_lue :, _.,9C_. Not used i: Nt:J:,--_SiD_=i. ?]i,,za,_:_,

absolute value of .'T considerFd ill th- :)pti_izatl:)t, p_uc_.

CTSIN may be considered as 'numeri:_l zero' since it _,_ a_t

be mean_hgful to compare iLu=buc; _m:111er thd_. CIZIY. lh_

v_lu_ of CT_IN is chosen to iEdicate that satisfactiul, ot a

constraint withiJi this toleranc_ is acc:ptlble. =r|e 3_,uit

value is usually adequate.

CTL Default value = -C.01. Not useJ if

Constraint

coastraintSo

zi_-zaqqing

;;CON=NSID£=3.

thickness parameter for linear _nd _i_

CTL is smaller in m_qnitude than C= _ecauue the

problem is avoided with linear aLd side

constraints. The defmult value is usually adequate.

CTLBIN Default val_e = 3.C01. Not usefl if NCON='_SIDZ=0.

absol-te value of CTL considered1 la the 3;)til, izatiD;_

The default value is u';ually adequate.

THETA Default value = I .C. Not

value of the push-_ff factor in the

directions. A larger value of TIIETA

constraints, G(J), are knowa t_ be hi:_hl'f

used if NCO_=NSID_=6. _;,

aethod of fe_siul_:

is desi_Lle It tae

non-iinc:_r, a=:a a

saaller value nay be used if _ll g(J) are _n.own to b_ n_rly

li=ear. TEe actual value of the push-off factor _seJ in t!,e

program is a quadrati: fu:_¢tion o_ each _;(J), Vat'yi_g trom C. 3

for G(J)=CT to _.C-THETA f_r G(J)=A5&(CT). A v_iue of

THET_=_., " is used in tho program for co_:straints wh_c_, -,r_:

identified by the user to b_ strictly lin_r, riiZ:;_ J:_ za_i_,_
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PHI

a 'pusi-oti ' factor because it pa_hes the 4_siq_,

active :oLst fair, ts it,to

value is usually _dequate.

Default value = 5. O.

the f_astble reqfuz:.

Partici[,atiol, coeffi=ient, used if :J deskgI_ is iufe'_siLle (oh _

or mor_ G{J) .GT.ABS(CT)). P[II is a _ui_su_e _,t how h_['t the

design will _:e 'pushe_' towa[ds th,: felsibie regiol, aI:_l 1:_, in

effect, _ penalty parameter. Zf i_, _ _iven proiie_,

feasible solution cannot |,e obtained with the defau!t v_lu.::,

PHI should be increased, mad the problem run a_aiE_. ]i a

feasible solution cannot be obtaine'/ with PHi=IOC, it i_

probable that Do feasible solution exists. The d_f]ult vslu_

is usually adequate.

_&"_Xl _ot used if NSIDE=_CON=6. I plus user's best esti:,_atu _

the maximum number of constraints {i_cludin4 hide :onstraintz,

VLB|I) and VUB(1)) which _ill be attire at _,_ _iven ti_e l:_

the minimization process. _C_XI = numbe_ of [ow_ '_:.a_ra_ A.

If _&C+I ever exceeds this val_e, the minimizdtion proc,_ss

will be terminated, a,_ error message will be print_l, aza

control will return to the main program. NACM_I _Jll n_vc[

exceea gD¥÷| _f all constraints S [J) _n_ hou_,._s VLB(1) a_,d

V_B|X) are il,depend_*.|_t. A r_as_jnable value tu_ ,_Ch_1 (anl

the corresponding dimension of array A) is ZIN(_,ND_+I) ,

wkere the mi_isum of _3 will on_.¥ apply for =a[:je prubles:_ a:.a

is arbitrary, based on the o_servation that ev_:n f_r v_,ry

large problems (over a h,sndred X(I) and :;everal thsusand

G|J)), it is a_coaaoa for man_ co, straints t_ be _ctive _t auy

time i, the mi_i_izatio_ process (_h_ optimus sulutl_,[_ i3

Not us,?d if _'4J ):,- .__i[:i: _.
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seldom 'fully constrained'

DELFUN Defa,llt value = 0.C01.

objective f11rlction to

consecutive iterations,

the current desig,'_ is

minimization process i_

infeasible

required to

fgr very lar_;_, honlihe,i[ problei_1_,).

Mini,_um rgl_tiv:* ch!t_, ;e iu tnv

indicate convergeu::e. IT iv. i [.:[I

ABS(I.O-O3J (J-l) /O_J [J)) . LT.[,EIF]_i •_n

(some G [J). G_. ABS [CT) ) , five

terminate and this sit_{atio_i

fea_ibie design may not exist.

D&BFUN Default value = 0.001 times the i[Litiai function

Same as DELFUN except comparison is on absolute cha:,ge

objective function, ABS (OBJ(J|-OBJ{J-||) , inutea_ of

f_asible (all ;(J).LE.A;_3 (C7)) , t[,_,

t_,uminatei, if ti_; curle;.t du_ZqL _

iteration_ _ r ._._

indicates tl:at a

vai_e.

ix, the

relativ_

chanqe.

LIBOB4 _ot used if NC3N=NS!D_=O. LiRe_r objective furtctio[L

i_entifier. If the objective, OBJ, is specifically kzowr, to

be a strictly linear f_nction of the 3ecision variables, X(1) ,

set LIN3BJ=_. If OBJ is a general no:,li_e_r fuuzti_r_, _t

LINOBJ=O.

ITRN Default value = 3. N_mber of

indicate convergenc_ by relative

or DABFUN.

X(N_) Vector of decisio_ variables,

co_.secutive ite_atio_s to

_)r aDsoiute changes, DELl U_

K°wector contains the user's

optimum _esiqn variables.

VLB(_I) Used only if _SIDE. NE.O. VLB(i)

value (lower bound) of variable

variables, X(I),

VLB{I) S'lSt be

X(1),I=I,,_DV.

b,_st estimate ,9: the -zet of

i_ the lower dllowaLl=

do not have lower boun:is, the :Dr_S;]DX'Jllt_

i,itialized to _ vgLy l_r_e ne4atiw: auaLt:u
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[say -1.0E+10).

VUB[NI} Used only if NSIDE.NE.O.

value (upper bound) of X (I).

do not have upper bounds, the

VUU(I) is the maximum allgw_l, lc

If 3he or mor_ v_riai,l_:_, ×(I),

co_resDozL |ins VUU(I) m_l_t :_

initialized to a very large positive l'umber (s_y I.$_i+I_).

SCAL[NS) Not used if NSCAL=O. Vect._r of 3calinq pa_a_.et_;r_, lr

NSCAL.GT.O vector SCAL nee_ not b_ ihitializeL; since SCIL _I11

be defined in CO:JMIN and its associated routines, il

NSC_L./T.C, vector SCAL is initialize2 in the sain pUhqr_aF.,

and the scaled variables X (1) =X |I) /SCAL (I) . !.:f_icxe,_cy Df the

opti_izatior, process can sometimes he imprr)ve_ if the,

variables are either normalized or ar_: scaled in such d va_

that the partial derivative of the objectiv_ _. functlon, 3L J,

with respect to variable X (1) is of the s_me or_ec _f

magnitude _or all X (1). SCAt(I) must b_ gre_t_r than z_ru

because a negative val_e of SCAL(1) will result in a ch_n,g_ _)_

sign of X(1) and possibi_ yield erroneou_ opti_iz_t ion

res-lts. The decision of if, and how, the variables sLould le

scaled is highly problem dependent, an_ some experlmentatlo:.

is desirable for an}" given class of proble_as.

ISC (NS} Not used if NCON=O. Linear constraint i:]entifizat _ :_h

vector. If constraint G(J) is known to b_. _ lin_r fuactiga

of the _._cisio_ variables, X(I), ISC[I) should be ir.iti_iize_

to ISC(I)=I. i_ constraint G|_) _s nonlihear IS: (I) is

initialize_ to ISC(I)=O. i_:_ntification of li;;ear COLStrail _s

may improve efficieac¥ of the optimizatio_ process _n_ is

therefore desirable, but is not essenti_l. If ';(J) is a_t

specifically kl,own to be linear, set ISC (I)=9.



OBJ

G(N2)

SECTION V

P_RAMETZ_.S D_IFINhD IN EXTEh._AL [_OUTIN:_

Value of ob]ectiv_ functio_l tot ti_e d3ZiJio:;

variables, X|I) ,I=I,NDV contained ir_

if [NFO=I or iNFO=2.

Not used if NCON=_SIDZ=O.

constzaint functions, G {J), J=!,NCON

vector X. C*igulata _,_)J

V_ctor cor, tamn inj Jli

variables, X.

D¥ (N1) Analytic

currenz decision

derivative of

DF[I),I=I,_D¥

NAC Number of

Calculate NAC

&(N_,N3) )Jot used

constraints,

coLtains the

constraint,

Calculate G(J), J=I,NCON if IN_O=2.

qradient of the object _ve f_:nction

variables, X(I). D_|I) cont_in:i

OBJ with re;pect tu _((f).

if INFO=] or INFO=q and if N FD_=5

active _ud vialate 1 const£aints

foe the

the pa[t_ii

Calcu]ite

or _ DFG = 2.

if INFO=4 and NFDG=O.

if NCON=NSIDE=O. Gra_ie:.ts of _ctiv_ _ o[ viol_t_/

for cu_reLt deci_ign variables, X {£). A (J,[}

gradient of the Jth .ict lye el viol_tel

G {J), with respezt t:, the Ith decision va£ia_,.c-,

X(I) for J=I,NAC and I=I,NDV. Calculate if II_FO='J

IC (Nq) Identifies which constraints are active :)r

IC(J) contains the number of the Jth activ:+

constraint for J=I,N_C. For example, if (;(10)

active or violated constraint {(; (J) .LT. CI,

IC(1|=I_. Calculate if I_FO=_ a_d NFDU=6.

_nd Nf_;=D.

vi_latei.

_r vigl_te_

i_ the flL:;t

J=1,9), set.

If it is convenient t_ calculate mole intormatiox, tz,3:, iJ



_ _l,_,r:.•. _

required by the information control para_at_, l',i_, tl,i._; r_' :_-'

d_l,e. INFO Zdehtifies the mil, imum _mo_lx:t of inforLa_tjo_, _!,; z!, ,.,

necessary at _ q_v_.n time in the opti_iz_.tio. ' _oz-._. _t '.., :'_v;.::

necessary to defc,_ mJ ne which bo_:,ds (_.;ide COl::_t_ll.t,_) V_.? (i) -2 :,

RUB(1) are _:tive because tLis _nformatloL i_ d_*.te_mi:_¢_, _,y 795!i:_.

The re,_;ired organization of ,_I;31 is :;howxl IT_ Fi_. 3. i,'ot:-

that if NZON=C, NFDC;=I _r bFD(;=2, m'Ich of Fig. 3 in l:_pplicibi*

and can be omitted.



ITER

MeALIe)

G1 (NT)

SECTION Vl

PAFAMEThRS DEFI_ED IN CONMIN AND ASS[_Cf_2ED i=_IJIL_IILS

Iteratio_ nu_,b_r. The op,tim_-ation {_ec_'s_ is ±terJtiv •

so that the vector of decisioll variabi¢.s at the _t i,

//

iteration is defi_'ee by X {K) =X (K-I) +ALP3A'5 ([) , _na[_' _':_

%his case K Eef_rs to the i _[-_tion numb_ a_5 the

co_poi._nts X(I) are all ch_nge_ simulta[.eousl). ALI, HA i_

defi,ed as the w.ove parameter at_d is pri[:t,_.d z: ti_e piiht

coatrol IP_IN_.GE.3. S is the move direction at iteration

,umber J.

Bookkeeping information. NCAL (1) _ives th_ uumbe[ _

times external r_atine 5UBI was called with iNFS=I.

NCAL(2) gives th_ number sf times INFD=2. :;CAL(3) gives
]

the a,lmber of tames INFO=3 and _C_L(_) glves the _i,m_,_r u_

times INFO=_.

Rove direction i_ the ND¥-dimensional o{)ti_,izatio[_ &},_cu.

S(I) gives the rate at which v_i_bl_

respect to ALPHA.

_ot used if _CON=I4S ZD E=NSCAL =_.-

storage of constraimt values _ (J),

variables X(I), I=I,_DV.

Not

X(l) z_a_tge_ _ith

Used fu_ temporary

G2(M2)

constraint values G(J), J-I,_CO,.

vector S for constrai_e_ mi;,imi;:ation problv._s.

used if NCDN=f_SIDE=O. Used for te;r,Doracy sto_g_. . 3:

d irection

may be used for temporary storage it ext._cn.,l ru'_ti_:e _!.I.
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esl IN6)

P_].q¢"_.t_'_"

Not used in NCON= _S IDE=C. Used wit,_ a'_t',_y b l,,

determiaiLq directi)n vector S for const_ain_:d mini:_:i.',itiu_

problems. Used for temporary storage: ot ve.ctul i it

NSCAL.NY,.C. routine 5[151.

Not used if NCDN=NSIDE=O. UseJ with ,,[ray b _:.

detelminihg direztion vector S for ::ohstr_in_,] _,il_imiz%tiofl

problems. Array _51 inay be lsed f.o[ te_aporar_ ut¢)ta_,_{(.' i;.

external routine SUBI.



SECTIOn; VII

PEQ[I!RED DIMENSIONS OF A_[AYS

Pa_'e 2.i

CO_ON/C_h}_2/_(NI) ,UF(NI) ,{;(N2) ,iSC(I;8) ,1C([;_),9 (:;_,[,3)

COMMON/CNtIN3/S (,_3) ,GI (N7) ,G2(N2) ,c(Ng) ,'151 (N6) ,_(N_,t;_)

COMMON/C_4'4N_/VLB([_I) ,VUB(NI) ,3CAL(NS)

Dimension:-; NI throuqh N7 are mini_num Jimgnsions on the

and are defined by;

_I = NDV

M2 - I if NCON=_SIDE-O

= NCQN if _CON.GT.O and NSIDE=0

= 2_NDV if NCON=0 and NSIDE.gT.0

= NCO_+2_NDV if NC_N.GT.O and gS!DE.S_.C

_3 = NDV+2 '_

Nq = 1 if NCO_=NSIDE=O

NACMX_ if NCO_.GT.O or NSIDE._T.O

N5 = I if NSCAL=O

= NI if NSCAL.NE.O

_6 = I if NCON=NSiDI=O

= 2*N_ if _CON.G_.O or [431DE.GI.C

N7 = H2 if NSCAL = 0

= MAX(N2,NDV) if NSCAL._E.0

_18 = 1 if NCON=0

" NCON _f :ICON.GT.O

N? = _'q, if NFDG.£Q.O

= MAK(Nq',NDV| if :;FDG.GT.O
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SECTION VIII

EXAMPLF5

Im this section several examples _re presentei, t:_q_the_ w_ .

results, to provide a better un_erstan_in] of t_.e p[o4[ _

nrganizatior. In each case the default values a_ use_ for control

parameters unless otherwise uoted. The _c_ay dimens1(>_.s _re

defined in the common blocks as follows:

COMMON /CN.'_2/ X(50| ,DF (50} ,g (1100| ,ISU(IGOOI ,IC(51) ,A(51,5,!

COMMON /CNMN3/ 5(51) ,GI(1100) ,_2|11G£) ,Z(51) ,[_31 (I_2) ,5(51,51)

COMMON /CN_N_/ VLB(Sr),VUB(50| ,5CAL{5C)

The examples w_re solved :zsing

numerical results obtained using

sliqhtly from those obtained here.

a CD_ 76 _ u_ COm_/te[.

other _omputers _aY

F_ &MPLE 1 - CONST2AINED ROSEN-SUZUKI FU,_UYIOI,. :_0 GI_ADIE_

INFORMATION.

Consider the minimizatioz_ problem discussed it. 3L=IiO_ !:

MINIMIZE OBJ = %|I)'_2- 5,X(I) + K(2)--2 - 5_((2) +

2_X(3|*=2- 21"X(3| + X(_),'2 • 7-X(_) • 56

Subject to:

G(1) = ][(i}*i2 + X(1) + X|21"'2 - X(2) +

X(3)'_*2 + X(3) ÷ X(_)''2 - X(_) - :_ .LE.3

G(2) = X(1)''i2- X(1) + 2"X(;)"'2 + Z(3i'';. +

2"X{_)"i'2 - X(_) - 1C .LF._
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G(]) = 2=X(1)*_=2 ÷ 2"X(1) + X(z)''2 - X(2) +

X(])"*2 - X(_) - 5 .L_.3

This problem is solved b:÷ginnil._ with, an initial ×-_+._cto_ o±

I = (1.C, 1.6, 1.9, 1.0)

The optimum 4_siqn is kz_own to be

OBJ = 6.0OC

and the correspondinq X-vector is

X = (0._, 1.0, 2.0, -I.C)

The print control parameter of IPBINT=2 is used a==d all

qraa&ents are calculated by finite difference (NYDG = I). _,e

sxlmum numb.mr of iterations is takel, as ITMAX=4C to insure notlal

terBimatlo_. The variables are not scaled, so _SCAL=6. The

objective funct%on is n+)nli_ear, so LI _])BJ=0. The uont _oi

parameters are defined as:

IPRIJT=2, _.D¥=_, IT._AX=_0, NCON=3, _;FU&=I, ;_AC;_XI=51,

NSIDE=ICNDIP=NSC&L=LI,qOBJ=[TRM=0.

FDCB=FDCHM=CT=CTBI;;=CTL=CTLBIN=THET_=P!II=DELFUN=_%BFU'._=_.

All constraints are n3niinedr so the

identificatio_ vector contains all zeros:

lineac constraint

zsc (.J) = 0 ,I=I, ,qCON

The eai_

il Figs. _ and 5 respectively, with

Flq. 6. An optimum desiqn of

¢orrespondinq decision variables:

proqram and t|_e external routine, £XPI, I, _re liste_

th_ optimization results i_

OBJ=6._I_3 is o},tai==_ with th<.
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X = (_.0125. 0.9Q69, 1.99_1, -1.0706)

Mote that the unconstrained minimum ot this :unction may Ue

fQuud by setting NZDN=O in the main pro]ram. The, uncohst_a_-c/

minimum of OBJ=-3C.O _ay De foun_] in this _ay, and this XG l_-ft is

an exercise.

an additional probl_m ef interest is to set N_ON-2 _nd, h_vil_4

fo_ud the optimum subject to thes_ first two zonst£aint_ _l,ly,

iacrease BCON to 3 and call CONMIN a_ain, to _btait, th,- _nai

optimum desiga. This is easily done by ix,itiiily smttil,4 N_ON=2 im

the maim _oqrao, then immediately after ret_rniag from CO_II;. set

• 0.%

IIC011-3 area call CONalN again. It is n:)t i:ecessarv ts r_i;_tia_xze

tho comtrol parameters. This exer:ise _monstrates the =ap_bility

of COIlRZN to deal with initi_lly imfe_sibl- _ _si_ns, and _ucn as

option |my be _esirable when minimizing functisns for _:,xch one or

more coastraints are difficult or tine-co,sumi,:4 to evaluate. [6

this way. the optimization problem may b_ first solvei h_ ignoEir;_

constraints which are particularly complex. Thes_ cor_$traint_; _re

then =hecked to deter_it, e if

optimizatto_ is complete.

vlolated, they are added to the set _f ronstrair_ts, _(J),

COgHIN is called agai_ to obtain th_ final optimums, lesign.

_Eoacb ca0mot always be expecte_ to be most africieht, bst

merit :3_mi_eratio_. especially whe, only moderate

violations are expected.

they are violated, if _.ot, the

if one _r re@re such constraints are
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EXARPt_ 2 - COWSTRAT_ED ROSSN-S._3NI ?._CT!OW W_TH _NALYTIC

GW_DT_TS

The function sin[.ized in _ZA-_L_ 1 is now solved by comp.._in_

all analytic _radi_nts in closed lots. _Ii control parameters are

the s_e as before except that nov NFDG=9 i.stead oF W_DG=I. -he

qra_lent oC the oblective _u.ct%on with respec_ t_ the decisio.

variables is:

g 2*X 9a) +7

The qra_ients'o¢ t_e constraint functions are;

del {r,(I) ) =

2"X91)+1

2*X 92)- 1

2*X (3) * 1

2*X (_1- 1

_el 9c,92_ ) =

r 2*_r 91)-I

2*x (_)

_.,,,x (_) - I

('tel(_,93) ) *

f a'X fl) + 2

t

?*X {2) - I

2"_ (])

-I

The control program |s the same as before 9_iq. _) except

WWDS=n, and

control is

iaforsa_ion.

o_timization

nov

the external routine is name_ _T_P2. Also. the print

now takea as IP_TWT:I t.o provide -ely summary

_xterual routine, _X_P2, is listed in _i_. 7 and t_e

results in ,lq. e, _bere an opti0_| _esiqn of
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OBJ=6.C056 is obtained with

X = [-0.C072, 1.0022, 2.0653, -0.9967)

The additional exer:ises described in example I may _isD De

solved h_re, just as before.

EX&SPLE 3 - 3-mAR TRUSS.

As a fiaal example, consider the 3-bar tcsss sbow_ iu F_. J.

Tkm structure is subjected to two syaaetri:, but i,_pe,deut l_i

¢on_itioas, PI and P2, as shown. The truss is to be _sign_ f_

sinim_ weight, subject to stress limitations only, so that;

-IS KSI .LE. SIGIJ .LE. 2G KSI I=I,] J=I,2

where SIGIJ is the stress is

Hhile this is a very simple structure, it is of

historical siqnifica_:e in t_e fiel_ of automated

design, having been first used by S:hmit (ref. 5) to demonstrate

member I under load :onditiou J.

particul_

structural

th_ + am optiaall_ desiqned structure may not be fully stressed.

That is, one or more members may not be stressed to their _axi_ua

desiqa stress uader any of the applied load :sn_itions.

The _esiqn variables are chesen as the member cross-sectional

areas, al and k2, where A]=_I due to symmetry. The[_ the objective

fuactlon is;

OBJ = IOtR[iO,(2*SQRT{2)'AI÷&2)

whe£e R_O is the material density (RSO=C. 1).

aef_ae_ by;

The stress state is



SIG11 = ZIG]2 = 20.1(5_RT(2.I-AI,A2I/I2.tAI-A2+S_Rr|2.)-AI-AII

SIG21 = $IG22 = 2C.'S_RT(2.)*_]/(2.*AI"A2+5_r{2.},AI,A]b

SIG31 = SIGI] = -20._2/[2.'AI*A2*S_[:T[2.)'A1*AI)

Remembering that -15 KSI .LE. SI3_J .LE. 20 KSI, t_er_ _c_- si_

independent [x_nlinear :e_zstraints. The compressive st_e_s

constraint on member I under load condition I is given is;

-SIG11 - 15.0 .LE. 0

or in normalized form:

-SIGll/15.0 -1 .LE. 0

Similarly:

SIGll/20.0 -1 .LE. 0

-SIG21/15.0 -1 .LE. O

SIG21/20.0 -1 .LE. 0

-SI;)1/15. C -1 .LE. 0

SIG31120.C -1 .LE. 0

Becluse naqative member areas a_e not physically meanxnqful,

l_er boum4s of zero must be imposed on the design variables.

Hoverer, noting that the stress, SIGIJ, is undefil._d if A1 _quals

zero, Ioger bounds of @.001 rill be prescribe_, rh_ upper bound_

are taken as 1.OE_IO to insure thtt t£ese bounds viii ._fe_ Do

active.

The objective £un:tiou is linear in AI az,u A2 so the linear
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obJectiv_ function identifier is taken as LTNO_J = 1.

The qradien_ o_ o_J i_ easily calculated so this rill be _one

analytically, while the qra4ients of the constraint functions are

_alculat_d by fintt_ difference. Th_n _FDq = 2 and the qradient of

OR.7 is defined by;

2g.0*S_PT(2._)*PgO

The print coa_col wlll be taken as Io_VN_ = _ and the default

values are use_ for all other control parameters. Then the control

sarauete_1 are _ftned as;

IBqIWT=3, WD¥=_, gCON=_, WSTDE=I, WFDG=I, N_CRXI=S1, LTWOB.1=!.

ITN & X= ZCWDZ_= ISC.AL= TT_ q= @.

WDCB=_DCHM=CT=CTqIN=CTL=CTLMTW=T_ETA=P_I=D_POM=DABFU_=0o

RII constraints are no_lin_ar so the linear

taentification vector contains all zeros:

constraint

r._c{J) - 0 3 = I,_CO_

_e lotm[ and upper boun4s are 4efined as;

= 1,ggV

The optlmms _eslen is known to be

0_ = 2.639

v_ere
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X = (0.789, G."08)

The main program for this example is liste,1 in yiq. 15 witL

the c_rrespondinq extern_l routine, EXSP3, i[_ Fi:j. 11. Thu

optimization results are given irl Fig. 12, where;

OBJ = 2.639

and

I = (C.789, C.bO_}

IIote that only constraint number 2 (the tensile, sr,c_ss

constraint in sosber I un-ie-r load csndition I) is ,ictive.
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x(2)

G(_).GT.;mS(C_)

FEASIBLE REGION

ABS(C_)

_(.;}= _3,s(_

o(_)= o

- x(1)

FIG. 1 - CONS_ TNI_ PABAMETER, CT.
'ii
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I_IIT I iI._'_,E CE(" ISIO._

CALL COqHTPI(_qBI,0P,T|

CONHTN AND

a $$nCTPtT_D _OrY"PII__S

_ALL Srlm. 1 (TNIeO,,OB,I)

, j

'Z'T .... _.......SU_PO'I lW_ SgBI(T_P ,Ol_J)

CALCOLATU FUNCTION VILUES
AN_ _AgI_NT TNPOPHATTON

AS REQUI_ED



Daq_ _

_tIBRf)IITT_I_ _UBI {T._FO, C)BJ)

CON_CIN /CN_NI/ IP_!NT,NDV, Im._AXeNCON,NSID_eTC_D!ReNSCALeNPDGp

1 FDC_ wI_nC_,CT,C_M TN, CTLF C_t._T._ _TRF_ eP_I, NAC_! 1s nPLFUN ,

2 I)ABPtIN, I.INOP.I +T_R _I,I T_R, _ICA I.(_)

C_},_n_I /C_INN2/ X(NI),DP(.W1) ,G(N2) ,ISC('IR).,TC(_) ,A(N(I,N3)

I

-- _TIFN

NO

_10

F- C_tC_tATP Co_S_p_T_T --_-_

\

NO

i

IDP(T) = Pk.TT]_L DRRTVTTTVT OF OMJ llT_.q I



!

.aqe _

!

.wO

____t
IC(_AC) = .]

_.(lq_C,I) -- -_PTYAL DF,_TVATTVE OF C,(J)
..... T - I,HDV.
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EXAMPLES I AND 2 OF CONMIN USEE'S EANUAL.

MINIRIZ_TION OF CONSTRAINED POSEN-SUZUKI FUNC?I);..

COMMON /CNMNI/ IPRINP,NDV, IT_X,NCON,531bE, IC';DI_,, NS_LL,_FL,,

CTL _"L_IN,T£1 =_'A,?!iI,NAC, NAChX1,DFL531.I FDCH, FDCIiM,CT,CT_IN, , ..... ,

2 0ABFU N,LINOBJ,iT [_M, ITEm, NCAL (4)

COMMON /CN_N2/ X(EO) ,DF(53) ,G(1103) ,ISC{I@2S)

COMMO_ /CNMN_/ VLB(5C} ,VUB(5C) ,SCAL (5C)

DEFINE N%_ES OF EXTERNAL ROUTINE, SU_I.

EXTEPNAL EXMPI,E_P2

INITIALIZE CONTROL PA_A_E_EPS.

FOLLOWING S£ATEME:._ fO;

FOLLOWI_$ STAIE_EE" ]'0;

IDENTIFICAZ IOn< VECT3R_ 23C.

FOLLO_FN3 STA_EH=_ ,,._,

F3R EXAMPLE 2, CHANGE T[IE

IPRINT=I

IPRINT=2

ITMAX=q9

_CON=3

F_R EXA_iLE 2, CHANGE Tile
FDG=_

N FDG = I

NACM%l=51
_SIDE=0

IC_DIR=0

NSC_L=0

LINO_J=O

ITBM=O

FDC_I=0o

FDCHM=0.

CT=0.

CTSI_=0.

CTL=0°

CTL_IN=0.

T_ETA=0.

PHI=O,

DELFUN=D.

DABFUN=0.

INITIALIZE CONSTRAINt

DO 10 J=I,NC_N

ISC (I) =0
INZTIALI_E X-VECTOr.

DO 20 !=I,NDV

x (I) =1.
SOLVE OPTIBIZATION.

FOR E_ABPLE 2, C_ANGE THE

CALL COff_I_{EIMP2,OBJ}

CALL CONMIN(_X_PI,OBJ)
STOP

END

,it(51) ,A(51,52

FI$. _ - MAIN PROGRAP. FO_ EXA_PIkS I Ah5 2.
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C

C

C
C

C

SIJBi_OUTEN_- EXMP1 (INFO,OBJ)

CO[tM3N /Ct;MN2/ X {50),D?(53),,3(1133) ,IS=(1_333) ,3C(51) ,A (51,32)
ROUTINE 70 PPDVIDE FIJNCTIgN AND CON_-_T[AI;;T VALUh3 FL,h

OPTI[_IZATION OF CONSTRAINED [_OShN-SUZU_ _'[J_,CTIC'J.

EXAMPLE I OF CON_IN USEE'S _ANUAL.

FUNCTION VALUE.

OBJ=X(1)"_2-5.*X(1) +K(2) _2-5.'X(2) +2.*X(]) "'2-21.')' (3| +

IX (_) ''2+7. *X {_,)+5 r.

IF (INFO.E_. I) hE]_IJRN

CONST_AIIIT VALUES.

G (1)=X (I)_,2+)[(I} +X (2) *- 2-X (2) +X(]|''2+X(3) +Z(_; "'2-X(_,) -_.

C,{2) -X '_) *" 2 oX(1)-2._X {=j #, 2+X (3) "'2+2.*X(_l ''2-K (_)-13.

G (3) =2. "X (1) _,2+2.-X(I) +X (2) -',2-K (2) +X (]) ,-2-X (_) -5.
RETtIRN

END

FIG. 5 - EXTE_HAL 2OUI'INE, EXMPI, FOB EX%MPLE I.
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• CONMIN o

• FORTRAN PHOGRAM FOR *

• CONSTRAINED FUNCIIUN MINIMIZATION *

• NASA/AMES RESEARCH CENTLR, HOFFETT FIELD, CAL.IF, *

CONSTRAINED FUNCTION MINI_41ZA{ION

CONTROL PARAMETERS

IPRINT NOV ITNAX NCON NSIDE ICNDIR NSCAL NFDG
2 4 40 ] 0 5 0 1

NACNXl LINOBJ I Tlalq
SI O 3

FDCH FOCHM
1.00000E-02 1,00000E-02

CT CTWIN CIL CTLMIN
-I,00009E-01 4.00000_-03 -I,00000E-02 1.00000E-03

THETA PHI O_LFUN
1,00000E*O0 2,50000E*01 l,O0000E'O4

DARFUN
3.10000E-02

INITIAL FUNCTION INFORMATION

0BJ • 3,100000E*0|

A-VECTOA
1,0000E+00 1,0000E+00

CONSTRAINT VALUES
-_,O000E*O0 "6.0_00E*00

THERE ARE

I,O000E*00

"I.0000L*00

0 ACTIVE CONSTHAINT$ AND

Io0000E*00

0 VIOLATED CONSTRAINTS



ITER • 1

X-VECTnR
1,0436E+00 1.0_36E+00 1.£419E+00 B.bS_7E-OI

IT(_ = Z

X-VECTOR
-6.5498E-O|

Ol_J = 1,2@043E+01

1,0325E+00 2,367_L+O0 |.3804E-01

ITER s 3

X-VECTOR
2,2_40E-01

O14J • 8.JTb29(*O0

9.q268('01 200345E+00 -3.1841L-01

ITEH _ 4

X-VECTOR
"3,_3q_E-O|

OBJ = 6094203iE+00

1,_43E+00 ZoI_goE-O0 "8,0388E-01

ITER • 5

X'VECTOR
-6,7S66[-02

OBJ s Oe3_TU8E+O0

1,0136E+00 _,0734E+00 "b,lJ23E-Ol

ITER 8 6

XoVECTOR
o9.4581(*02

ITER J 7

X-VECTO_
?,&660E-02

OflJ = 60|7226E*00

q.9247(-0! 2.0_00[*00

¢IIBJ • 6,OTObOE*O0

qoB928L-01 l,q4TSE+O0

-q,634_-0!

"l.Ob62E+O0

OPTIRZ ?._TI C M ;_SOLTS FO_ EK_MPLE CC ',IT.



ITER • 8

X-VECTOR
-1.7653E-0_

ITER = 9

X-VECTOR
1,2500E'OE

ITER u 10

ITER • 11

OBJ : _.OELB4E+O0

I.O03BE*O0 2o013_*U0

ORd : 60018EgE*UO

9,gb?OE-O! 1.9943E.00

OBJ • 6.01829E*00

OBd 8 6,018_9E*00

-9./'5_3E-0 !

-].O006E*O0

NO CHANGE ZN OBJ

NO CHANGE I_ OBJ

FI_;. h - OPTZ_&Tl_Og _ESOLTS Fn_ FXA'q?L? 1 - CC_'I',



FINAL OPTIMIZATION INFOHNATION

OBJ = 6,O|SZBTE*O0

X-VFCTOR

I,2_OOE-O_ 9,9690E-01

CONSTRAINT VALUES

-|,7146E°02 "1o0445E+00

L°9943E*O0 "I,O006E*O0

tCTTVE CONSTRAINT NUNOERS

NO. GREATER THAN 3 INDICA[ES SIDE CONSI_AINT
3

TERMINATION CHITERION

ABSIOBJII)-O_d(I-I)) L£SS ]HAN DABFUN FUR

NUMBER OF ITERATIONS = II

O_JECTIVE FUNCTION WAS EVALUAIED 6B TIMES

CONSTHAINT FUNCTIONS WEHE EVALUATED 6& TIMES

3 I rEr_ATIONS



C

C

C

C

C

I0

C

C

20

30

SUBRDUTINE EXPP2 (INF3,0D.,')

CJ."MON /CNMNI/ IPRINI',NUV, [IMAX,!JCGN,r_SIbE, IC:;J[', 4SCAL, : _L ;,

I FDCh, FDC:IM,CT,CT!'!IN,CTL,Z_LXIN,_HETA, i_I,,,A:,_,A-_I.:<I,3ZL_ j_,

2 DABFUN, L LNO_J_ ITR_, ITEm, NCAL (a)

COEHOt_ /C_.;:_L;2/ X(_C,) ,DF(53) ,3(1103) ,ISC(1_ ^) ,i :{',I) ,,_{,I, ,_)
ROUTINE Tf; [_LOVIDZ FUNCTION AND cONSFP,_I_7 v'LJ ; _9::

OPTIMIZATION OF DO,'_SU,_AINED NOSE_-SUZ'IFI FU'_CUTI i,.

EXAMPLE 2 OF CO_'MiN USER'S MANUAL.

IF (INFO.GT.2) G3 TO 10

FUNCTION VALUE.

OBJ=X(1)-_'2-S.*X(1).X(2)**2-5.*X{2)+2.=_(_) "_2-£1.*,,(_1
IX(_) ='2*7.'X(_) ÷50.

CONST._AI NT VAL

G (1) =X(1) ,'* _+X

G (2| =X (11 *'_-X

C; (3) =2."X (1) .*
RETURN

CDNTINU_

GRADIENT OF OBJECTIVE FUNCTION.

DF(1) =l.*X (1) -5.
DF(2) =2.*X (2) -5.

DF(]} =e.mX (]} -21.

OF l_) =2.*x (_),7.

GRADIENTS OF aCTIVE AND VIOLATED

NAC=O

IF (G (I).LE,CT} GO TO 20

NAC=I

roll)=1

A(1,1)=2.,x(1) +1.

A (1,2) --2.-X (2) -I.

A (1o _) =2.*X {3) +1.

A (1,_) :,_2.*X(,_l-1.

IF (q (2).LT. CT) GO TO 3C

NAC=NAC+ I

IF (BAC. EQ.N_CMXl) RETURN

ICINAC) =2

A (N_C, 1) =2. =X (1) -1.

[I_AC, 2) =_.*X (2)

A (NAC, 3) =2.'X (3)

A (_AC,_) =_.*x (u) -1.

[F (G(3) .LT.CT) RETURN
MAC=NAC+I

IF {NAC. E_.NAZ_XI) _ETUP, N

IC (NAC) :3

A (NAC, 1| =_.'X { 1) +2.

A (N&C, 2) =2. ='X (2) -1.

A (NAC, 3)=2.*x (3)

A (NAC, _j =- 1.

_ETURN

END

P ETUP,'_

UES.

{I) +X (2) "-2-X (2) +X(3)'=,_+X(31 +X(_.)'.,_-_(.)-,.
(1) +2.,_X(2)-=2+X(3) *"2.2. "X (_I ""2-Y(_}-I[.

2+2.*X[1)+1 (2) '' 2-_( (2) +Z(3)--Z-X(_)-6.

FiG. 7 - EXTERNAL _OUTItiE, EX_P2, FO[: EXAT_'LL_ J.
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• CONMIN *
• #

• FORTRAN P_UGHAN FOH

e

• CONSTNAINEO FUNCTION MINIMIZATION t
O

J NASA/AMES RESEARCH CENTLH, MOFFETT FIELD, CAtIF. o

Q • • e e O • e O e • • • • e # • _ f e e O _ e • O _

INITIAL FUNCTION INFORMATION

OBJ " 3,100000£*0|

x-VECTOR
l,O000E*O0 I.O000E+O0

CONSTRAINT VALU£_
-4,0000E*OO "6,O000E*O0

THER£ A_£

I.AOOOk*O0

"IeUOOOL*O0

0 ACTIVE CONSTRAINTS ANO

1,0000£*00

0 VIOLATED CONSTRAINTS

??G. ,_ -f)PTI_'rZATIC 'I _S'JL".S wo, m _XA_PI.,E 2.



FINAL OPTINIZAT|ON INFOHMATION

ORJ t 6.00664bE_00

X-VECTO_
"7.17]0E-03 ]o0022E$00

CONSTRAINT VALUES
-b,0054E-03 "I,00RgE_0_

2,0053_*00

-8._265E-14

°9°90?3E-01

ACTIVE CONSTRAINT NUNB_NS
NO. GREATER THAN 3 INDICATES SIDE CON$1gAINT

1 3

TERMINATION CHITERION
ABS(OBJ(I)-OBJ(I-I)) L_SS T_AN DA_FUN FOR

NUNSER OF IYERAIION$ • 13

ORJECTIVE FUNCTION MA_ EVALUATEU 3_

CONSTRAINT FUNCTIONS WEHE EVALUATEn 34

GRADIENT OF OBJECTIVE WAS CALCULAIEO IZ

GRADIENTS OF CONSTRAINTS WERE CALCULATEU 12

TIHE5

TINFS

TI_ES

TZNES

I rEI,;AT I ON5



P_ge _5

b i0 in. LI
i0 in. - _l

"n

I0 in.

1"2_2ok = 2ok

Fig. 9 - 3-BAR TIrOSS.
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C
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C

30

C

EXAMPLE 3 OF CONMIN USE_,S MANUAL.

MINIMIZATION DF WEIGIIT OF THE 3-3A_ r?IJgS.

COMMON /CNMNI/ IPRINr,NDV,I_MAX,NCON,_SID_'I,!C_;DI:,',NSC_L,_;_[ ;,

I FDC_], FDCil_, CT,CTMIN,CTL,ZTLMIN,_HETA, Pill, NAC, NAC _X I, DEL? ]L,

2 DABFU _,LINOBJ,Ir_M, ITEm, NCAL (4)

COMMON /CNMI;2/ X(50) ,DF(S3) ,S(1103) ,I5C(I0_3) ,[C{_I) ,A(51,Sz)

COM_O.'_ /CNM_4/ VL3(5}),VUB|SOI,SCAL(50}

DEFIN_ Nk_E 3F EXTEPNAL E3UTINL, SUBI.

EXTERNAL EXM_3

INITIALIZE CONTSDL PABAMEPERS.

IPRINT=3

NOV=2

NCON=6

NSIDE=I

N FDG= 2

NACMXl=51

LI_OBJ= 1

ITMAX=O

ICNDIB=O

NSCAL=O

IT_M=O

FDCH=O.

FDCIIM=0.

CT=0.

CTBIN-0.

CTL=0.

CTLMIN=O.

THETA=O.

PHI=O.

DELFUN=O.

D&BFUN=0.

INITIALIZE CONSTRAINr IDENTIFICATION VI;CT3[_, ISC.

DO 10 J=I,NCON

ISC (I) =0

INITIALIZE LDWEP AND UPPER BOIJNDZN3 VECtOrS.

DO 20 I=I,NDV

VLB (I) =C0.001

VUB(1) =l. CE+lO
INITIALIZE X-VECTOR.

DO 30 I=I,NDV

X[I)=1.

SOLVE OPTIMIZATION.

C_LL CONMIN (EXMP3,0BJ)
STOP

END

FIG. 1C - MAIN PROGRAM FOR EXAMPLS 3.



C
C
j_

C

C

I0

C

P,ge a7

SUBPtUTINE EX_P3 [INFg,OBJ)

COMMON /CNMN2/ X(50),DF(53),Gt1133),ZSC(1C22),IC(51) ,A(51,52_
ROUTINE TO PROVIDE FUNCTION AND GBADfENr INF_I:_ATIO_I _3[

3-3AR TRUSS.

EXAMPLE 3 O} CONMIN US_[_'S S_NUAL.

_7HO=0. I

AI=X(1)
A2=X (2)

IF (INFO. GT.2) GO TO 10

OBJECTIVE FUNCTION.

OBJ=IC.*_HO " (2.*5_RT{2.)*AI+A2)

IF (INF_.EQ.I) PETURN
CONST_._I NT VALUES.

DEBOB=2."AI'A2+SQMT(2.)'AI'AI

SIG11=20.* {SQBT(2.)*AI+A2)/DENOM

SIG2 I=20. "SQRT (2.) "A I/DENOM

SIG31=-2C.mA2/DENC_

G (1) =-SIGll/15.-1.

G (2) =5=GI 1/20.-1.
G {]] =-SI;21/15.- 1.

G (_) =SIG21/2:.-1.

G (5) =-SIG31/2C.- 1.

G(6)=SIG_I/2C.-1.
RETUR_

CONTINUE

GRADIENT OF OBJECTIVE FUNZTION.

DF (1) =20.*SQRT [2.) -RHO

DF{2) = 1O.*RIIO
PETUBN

END

FIG. 11 - EXTEPNAL ROOTINg, EXMP3, FOR r;'KAM t' L.:'; _B
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CONSTaAINED FUNCTION NININIZATION

CONTROL PARAMETERS

IPRINT NOV ITNAX NCON NSIDE ICNDIr< NSCAL NFDG
3 2 10 b 1 3 0 Z

NACMXl LINOBJ ITRN
26 1 3

FDCH FDCHM
|.O0000E-OE l.O0000E-OE

CT CTMIN CIL CTLWIN
-I.O0000E-01 4.00000[-03 -1.00000E'02 I.O0000E'OJ

THETA PHI DELFUN
I.O0000E*O0 E.SOOOOE*O! l.O0000E'04

DASFUK
3,828¢3K-03

LOWER BOUNDS ON DECISION VARIABLES
I.O000E'03 |.O000E-03

UPPER BOUNDS ON DECISION VAkIA@LES
I,DOOOE*IO 1.0000E,10

INITIAL FUNCTION INFORWATION

OBJ • 3.82842?E*O0

X'VECTOR
|.O000E'O0 /.O000E*O0

CONSTRAINT VALUES
-l,q428E*O0 -2.9289E-01

THERE ARE

"J.SS23E'O0

0 ACTIVE CONSTRAINTS ANO

-5,8579E-01 -6,Oq48E-O| -|,2V29E,O0

0 VIOLATFD CONSTRAINIS

FIG. 12 - _PTIMIZATIC:v RESULTS FOB .'.E.XAI_PI._3,



_aqe _9

REGIN ITERATION NUMBER

S-VECTOI_
-2._284E*00 "1.0000E*O0

SLOPE •

OBJ •

X'VECTOI;_
6.76_7E-0I H.BSb2E'OI

ALPH4 • 1.1438bE-01

BEGIN ITERATION NUMBER 2

CONSTRAINT VALUES
-2.3311E*00 -Io6582E-03 -1.b912_*00 -4.81_BE-OI

PUSH-OFF FACTORS. THETA(1)o ImI.NAG
g,bTllE-Ol

NO, OF ACTIVE CUNSTRAINTS m 1 OF WHICH 0 AME VIOLATED
0 ACTIVE OH VTOLATEO CON_THAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSrRAINT NUMBERS
NOe GREATER THAN b INDICATES SIDE CONSTRAINT

2

CONSTRAINT PARAMETER, BETA =

S-VECTO_
2.2667E-02 -9.039BE-02

SLOPE m -2,62BTIE-02

OBJ • 2,629589E*O0

X-VECTOR
B,2252E-O| 3eO315E-O|

8.16624E-O&

ALPHA : 6,44333E*00

-3.bOllE-Ol -1.4799E*00

REGIN ITEHATION NUNHER 3

CONSTRAINT VALUES
-2,3433E*00 7.4eI6E-03 -2o0656E_O0

PUSH-OFF FACTORSt T_IETA(I), IIIoNAC
1,1554E*00

-2.U_TQE-O! -7.7229E-0] "l,2OB3(*O0

FIG. 12 - CIPTI_I_T[<)_ RES_JLTS POB E%'_PL_ ] - CC_T.
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NO, OF ACTIV_ CONNTRAINTS = l OF WHICH 0 ARE VIOLATE[_
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS

NO, OREJrER THAN b INDICATES SIDE CONSTRAINT

2

CONSTRAINT PARAMETERt BETA =

S-VECTO_
-1,0595E-02 2,7380E-02

SLOPE = "2,58809E'03

OBJ = 2.629562E*00

X-VECTOR
8,2241E-01 3.0344E-01

2._3279E-05

ALPHA = 1,05049E'0_

8EGIN ITERATION NUMBER

CONSTRAINT VALUES
-_,3433E*00 7,4795E-03 "2,0654E*00 -Z,OO9BE-O[ -T,2205E-Ol

PUSH-OFF FACTOR_t THETA(I). I=ItNAC
I_4BSIE*O0

NO, OF ACTIVE CONSTRAINTS = I OF WHICH 0 ARE VIOLATED

0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMRERS
NO, GREATER THAN b INDICATES SIDE CONSTRAINT

2

CONSTRAINT PARAN[TERt BETA = Itb3884E-05

S-VECTOR
-9.070BE-03 _,3720E-0_

SLOPE = -1,9360UE-03 ALPHA = 4,2S4BbE+O0

OBJ = 2,621324E*00

X-VECTOR
7,8381E'01 A,O_3eE'01

-I,20BSE*O0

FIG. _2 - OPTIMIZATION _S_LTS TOE EXAMFLE 3 - C_NT.
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REGIN ITERATION NUMBER 5

CONSTRAINT VALUE5
-Z.3423E*O0 6.7277E'03 "1,9835E*00 "2.b_3bE'01 -6.4122E-01

PUSH-OFF FACTORS, THETA(I)t III,NAC
1.43ZOE*O0

NO. OF ACTIVE CONSTRAINTS z 1 OF WHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUNRERS
NO. GREATER THAN 6 INDICATES SIDE CONSTRAINT

CONSTRAINT PARANETERt BETA z 6.46576E-1!

OBU • 2,621324E*00 NO CHANGE ON OBU

BEGIN ITERATION NUMBER 6

CONSTRAINT VALUES
-2.3423E*00 b. T277E'03 "1.9833E*00 "2,b236E-OI "6.41_2E'0!

PUSH-OFF FACTORSt THETA(I)o I=ItNAC
2,4802E*00

NO, OF ACTIVF CONSTRAINTS s 1 OF WHICH 0 A_E VIOLATFD
0 ACTIVE OR VIOLATED CONSTRAINTS ANE SIDE CONSTRAINTS

ACTIVE CONSTRAINT NUMBFRS
NO, GREATER THAN 6 INDICAIES SIDE CONS[RAINT

2

CONSTRAINT PAN_tMETERo BETA • 2.20652E-1!

O_d = 2,b21324E*O0 NO CHANGE ON OBJ

BEGIN ITERATION NUNBER T

CONSTRAINT VALUES
-2.3423E*00 6.7277E-03 -le983SE*O0

DUSH-OFF FACTURSo THETA(I)e iaioNAC
7.1843E*O0

-2,623 E'OI -6.412_E-01

-I._bglF*O0

"1.269LE*00

"1.2691E*00

o

P'IG. 12 - OPT_NIZATIO_; ._.RIILTS FOR EYARPLE ] - CCN_o
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NO, OF ACTIVE CONSTRAINTS - 1 OF WHICH 1 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE 51DE CONSTRAINTS

ACTIVE CONSTRAINT NUMBERS
NO, GREATER THAN 6 INDICATES S!_E CONSTCIAINT

CONSTRAINT PARAMETER, BETA " 7, T1561E*Oi

S-VECTOR
2,21B9E*OI 7,8705E+00

SLOPE " 7,06315E*01 ALPHA = _,_971_E-0_

OBJ _ Z,638¥62E_O0

X-VECTOR
T,Bq3bE-Ol 4,0633E-01

6EGIN ITERATION NUMBER

CONSTRAINT YALUE$
-2,3333E*00 "4,2505E-11

B

-I.9775E.00 -2,6686E-01 -6,6419E-01

PUSH-OFF FACTORSt THETA(I)o I'I,NAC
I,O000E*O0

NO, OF ACTIVE CONSTRAINTS - I OF WHICH 0 ARE VIOLATED
0 ACTIVE OR VIOLATED CONSTRAINTS ARE SIDE CONSTRAINT5

ACTIVE CONSTRAINr NUMBERS
NO, GREATER THAN 6 INDICATES SIDE CONSTRAINT

2

CONSTRAINT PARAMETER, BETA = 3,_9062E-10

OBJ " 2._389b2E*O0 NO CHANGE ON OBJ

"l,2669E*O0

FIG. 12 - OPT[_I_TIO_ R_SULTS FOB EXA_PL_ ] - CONT.



FINAL OPTINZZATION INFORNATTON

OBJ = 2,638962E*00

X'VECTOR
7,8936E-01 _,0633E'01

CONSTRAINT VaLUf_
"2,3333E*00 "_,2505E-11 -L,gTTSE*O0 "2,6686E-01

ACTIVE CONSTNAZNT NUNBLR5
NO. GREATER THAN _ TNDICATES SIDE CONSTRAINT

2

TERNINATZON CRITERZO_
ARS(CT) IS LESS THAN CTM|N

NUNRER OF ITERATIONS • 8

OBJECTIVE FUNCTION WAS EVALUATEU 26

CONSTRA|NT FUNCT]ONS MERE EVALUATED 2b

GRAD|ENT OF OBJEC.TTVE MAS CALCULATED b

-b.4419E-01

TINES

TIMES

TIMES

-1.266_E*00

FZG. 12 - OPTr_TZATTCN RESULTS FO_ FX&ePLE 3 - CCNT.
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APPENDIX A

SUMMARY OF PARAMETERS USED BY _3NMIN

COMMON BLDC_S :

COHMON /CN_NI/ IPRINT,NDV,ITMAK,NCON,[_SIDE,ICNDI?,NSCAL,N_D;,

I FDCH,FDCHM,ST,CTMIN,CTL,CrL_I_._HETA, PHI,NACMXI,DIILF'Ih,

2 DABFU N, LINOeJ, ITF M, ITE_ ,NCA L (_)

COMMON /CNMI_2/ X(NI),DF(}II) ,G(N2) ,ISC(Ne) ,IC(%S),:, (_:_,_,3)

COMMON /CI_MN3/ S (N3),G] (N7),G2 (N2),U (M9) ,aS1 (N6) ,o(_,_)

COMMON /CN_N_/ VLB(N1) ,'_UB(NI) ,SCAL(Nb)

CALL STATEMENTS:

CALL CONMIN (SUBI,OBJ)

CALL (SUB1 (INFO,OBJ)

PkR&METERS DEFI_ED IN _HE MAIN PRO3R&M.

PAR&M. DEFADLT DEFINITION

IPRINT

NDV

ITMaX

NCO N

NSIDE

ICNDIR

NSC &L

10

NDV÷I

Print control.

Nsmber of decision variables, X(i).

Maximum n_mber of iterdtions i** the

minimization process.

Number of constrai,t functions, S(J).

Side constraint parameter. N_ID_.Gr.G

indicates that lower and upper bouhds are

imposed on the decision vari_les.

Conjugate direction

Restart with steepest

ICNDIR iterations.

Scaling control parameter. N:_SA_ .I.T. D,

user supplies s3alinq vector. NSCAL. E_. 0,

no scali£g. NSC&L.GT.5, lutomatiz liI_-_ai

scaling every nNSCAL iterations.

restart p_ramet_r.

desc_nt move every
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PARAM.

NFDG

FD:H

FDCflM

CT

DEFAULT

0.01

0.01

-0.1

D_FINITION

Gradient calculation cont[ol para:_eter.

_Plative change in decisio:_ variable,

X(I) , in calculating finite di fferei_ce

g_-adien ts.

_i_,imam absolute step in finite differ_,:_

gradiel, t calculations.

Constraint thickness par_net_r.

CTHI_

CTL

CTLMIN

THET&

PHI

!1kCt'lX 1

DEL FU N

0.00_

-0.01

0.C01

1.0

5.0

0.C01

Minimum absolute value of CT considered iL

optimization process.

Constraint thickness parameter f_r lillear

and side constraints.

Minimum absolute ralue of CTL coLsidered

in optimization process.

Rean value of push-off f_ct3r in method _f

feasible directions.

Participation coefficrent, used i£ ohe ur

more constraints are violate_.

1 plus user's best estimate of th_ maxiau_

number of constraints {inziudiz_ si_P

constraints) which will O_ active or

violated at any time in the minimization

process.

Minimam relativa ch_ge ill _bject_we

function, OBJ, to indicate co_v_rg_l_ze.



P&RA_. DEFAULT DEFINITION

D&3FUN

LINOBJ

ITRN

x(ul)

VLB (N I)

VUB(N1)

SC&L [NS)

ISC [N 8)

O.C01*

Init. OBJ

Minimum absolute change

function, OBJ, to

Linear objective

LiNDBJ=I if OBJ

be linear in X|I).

non-linear.

Number of =onsecutiv_

indicate converg_n:e by

absolute changes, DELFUN or

Vector

Vector of

variables.

Vector of

variables.

Vector

Linear

i:_ oujective

indicate cc_ver ]e:.ce.

function ider_tifie[ .

is spezifz=_il'I known to

LINDBJ=3 if 05J is

of decisio_ variables.

lower bounds

upper hou_ds

iteratiol, s to

relative _=

DABFUN.

of scaling

constrain_

sz, decisi_z.

o{, :]ezzsi_xL

parameters.

identification vector.

i
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PARAMETERS DEFINED IN E_TER_AL ROUTINE SU61

P_RAMETER

OBJ

GIN2)

Dr"(N 1)

NAC

&(N_,N3)

IC (N4)

DEFINITION

Value of objective functioz,.

Vector of constraint values.

Analytic gradient of objective function,

Number of active and violate/

(G (J). GE. CT).

Row i contains analytic gradient of the Ith

or violated constraint.

I_e_tifies _hich constraiz_t_ are actlve o1_

vi_lated.

const rai_. t,_

_ctive

P&RA_ETERS DEFINED IN CONMIN AND ASSOCI&TED RDUTINE5

PARAMETER

ITER

SOiL [_)

s [_ ])

GI (roT)

;Iv2)

B [I;, l_)

c (u9)

DEFINITION

Iteration number.

Bookkeeping information. HCAL[I) gives number of

times INFO=I during optimizatioft process.

Direction vector.

Temporary storage of vectors G and X.

Temporary storage of vector G.

Use_ in finding usable-feasible direction.

Used An finding .sable-feasible uiraction and f3r

temporary storage of vector X.



_PPENDIX B

CONMINSUPROUTINEDESCRIPTIONS

Foll_wing is a list of the

CONMIN. If the array dime1_signs

currently used, the common bio_ks in

changed accordingly.

subrouIin_s _sooci]ted with

are cha_,_e,3 =_",_9m thDse

each coutiI,_ _us[ be

CONMI_ - Main optimization routine.

CNMN01 - Routine to calculats qradiest iaformatiox_ by Zi;.ite

difference.

C_MM02 - Calc,|late direction of steepest descent, or conju_t_

direction in unconstrained fun._tion mini_iz%tion.

CNMN03 - Solwe one-dimensional search in unuonstrail, ed function

minimization.

CNMNO_ - Find minimum of one-dimensioQ_l funztion by pglyl_o_i_i

interpolation.

CHMW05 - Determine usable-feasible, oE

usable-feasible, direction i_ constraised

minimization.

CmM#06 - Solve one-dimensional search for constrai:_ed £unctioz,

minimization.



CNMN07 - Find zero

interpolation.

CNMNC8 - 3olve

determination

/sable-feasible

_linimization.

of one-dimensional function by

speci_i linear pEo,4ramn, i:, _

of usable-feasible, or

direction in constrair_ed

CNMN09 - Unscale and _esc_le _ecision variable3

after function ewaluation.

P_g_+ 59

[_r o b ].[:LT, i ,1

f.,l_ct i_x.

befo£e _nd
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